A crucial component of event recognition is understanding event roles, i.e. who acted on whom: boy hitting girl is different from girl hitting boy. We often categorize Agents (i.e. the actor) and Patients (i.e. the one acted upon) from visual input, but do we rapidly and spontaneously encode such roles even when our attention is otherwise occupied? In three experiments, participants observed a continuous sequence of two-person scenes and had to search for a target actor in each (the male/female or red/blue-shirted actor) by indicating with a button press whether the target appeared on the left or the right. Critically, although role was orthogonal to gender and shirt color, and was never explicitly mentioned, participants responded more slowly when the target's role switched from trial to trial (e.g., the male went from being the Patient to the Agent). In a final experiment, we demonstrated that this effect cannot be fully explained by differences in posture associated with Agents and Patients. Our results suggest that extraction of event structure from visual scenes is rapid and spontaneous.
Introduction
In order to successfully navigate a perceptually chaotic world and share our understanding of it with others, we must not only extract the identity of people and objects, but also the roles that they play in events: Boy-hitting-girl is very different from girl-hitting-boy even though the event category (i.e. hitting) and actors involved are the same. In the former, the boy is the Agent (the actor) and the girl the Patient (the one acted upon), while in the latter, their roles are reversed. The fundamental importance of such "thematic roles" has long been emphasized in linguistics: Theories of thematic roles were initially developed to account for the consistent semantic properties of grammatical arguments (e.g., Subjects and Objects) across linguistic descriptions of events (Croft, 2012; Dowty, 1991; Fillmore, 1968; Gruber, 1965; Kako, 2006; Levin & Rappaport-Hovav, 2005 ) but now they are also a component of some theories of conceptual representation (Jackendoff, 1990; Langacker, 1987; Talmy, 2000) , development (Baillargeon et al., 2012; Leslie, 1995; Muentener & Carey, 2010; Yin & Csibra, 2015) , and perception (Leslie & Keeble, 1987; Strickland, 2016) more generally.
Event role extraction
While there is ongoing debate within linguistics about the precise number and nature of thematic roles in language, here we are interested in whether the mind, independently from explicit language production and comprehension tasks, rapidly and spontaneously extracts role information from perceptual input. Our work takes inspiration from a wealth of previous literature that has demonstrated rapid and bottomup encoding of semantic content from visual scenes. These studies have revealed that categories of both objects (Biederman, Blickle, Teitelbaum, & Klatsky, 1988; Biederman, Mezzanotte, & Rabinowitz, 1982; Thorpe, Fize, & Marlot, 1996) and places (Oliva & Torralba, 2001; Potter, 1976) can be recognized from brief displays (sometimes as little as 13 ms); that the computation itself is rapid -occurring within 100-200 ms (VanRullen & Thorpe, 2001) ; and that the computation is relatively automatic (Greene & Fei-Fei, 2014) .
In previous work we have shown that, just as with object and place categories, event category and event role information is in principle available in a bottom-up fashion from very brief displays (Hafri, Papafragou, & Trueswell, 2013; see also Dobel, Diesendruck, & Bölte, 2007; Glanemann, Zwitserlood, Bölte, & Dobel, 2016; Wilson, Papafragou, Bunger, & Trueswell, 2011) . However, it is not yet known whether encoding of event information is rapid: all tasks in previous studies (to our knowledge) explicitly required participants to make a post-stimulus judgment about what was happening in the scene. Thus, the computation itself (although based on a briefly presented visual stimulus) could conceivably have continued for several seconds, up until response to the post-stimulus probe. Additionally, the
